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Abstract 

Background: Anti-citrullinated protein/peptide antibodies (ACPA), have high specificity for rheumatoid arthritis (RA). 
Some children with juvenile idiopathic arthritis (JIA), phenotypically resemble RA and test positive for rheumatoid 
factor (RF) a characteristic biomarker of RA. We investigated the prevalence of ACPA and its relationship to other 
serologic markers associated with RA in a well-characterized JIA cohort. 

Methods: Cases were 334 children with JIA, 30 of whom had RF + polyarticular JIA. Sera from all cases and 50 
healthy pediatric controls were investigated by ELISA at a single time point for anti-cyclic citrullinated peptide 
(anti-CCP) IgG, RF IgM, IgA and IgG, anti-RA33 IgG, and antinuclear antibodies (ANA). Comparisons between cases 
and controls were made using Chi-square or Fisher exact tests and T-tests. 

Results: The prevalence of RF was 8% among controls, and 12% among cases (ns). The prevalence of ACPA was 2% 
in controls and 14.3% in cases (OR 8.2, p <0.01). Children who were ACPA-positive and RF-negative (n = 23) had a 
significantly earlier onset-age (4.6 years vs. 12.1 years, p <0.00001) and had fewer HLA-DRB1 shared epitope alleles 
than those positive for both RF and ACPA (n = 25). Prevalence of anti-RA33 was not different between cases and 
controls. 

Conclusions: ACPAs are detectable in 14% of children with JIA. Children with positive ACPA but negative RF are 
frequent, and may define a distinct subset of children with JIA. ACPA testing should be included in the classification 
of JIA. 
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Background 

Juvenile idiopathic arthritis (JIA), the most common 
cause of chronic arthritis in children, is a heterogeneous 
group of chronic arthropathies with different clinical, 
genetic and serological profiles [1]. One subtype of JIA, 
characterized by rheumatoid factor (RF) positive polyar- 
thritis, phenotypically resembles rheumatoid arthritis 
(RA) in adults, and seems to represent the childhood 
onset of RA. A number of clinical studies have shown 
that sera from patients with JIA may contain other 
serologic markers such as, anti-perinuclear factor 
(APF), anti-keratin (AKA), anti-cyclic citrullinated pep- 
tide (CCP) and anti-RA33 antibodies typically 
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associated with RA [2-4], Recent studies have demon- 
strated anti-citrullinated protein/peptide antibodies 
(ACPA) which include anti-CCP antibodies, have high 
specifity for RA, and are now included in the revised 
diagnostic criteria for RA [5]. Furthermore, there is evi- 
dence that ACPA-positive and ACPA-negative RA 
patients display significant risk allele frequency differ- 
ences which are mainly confined to the HLA region [6]. 

Prior investigations of the prevalence of ACPA in 
children have mostly been in small cohorts of chil- 
dren with JIA, with very few cases of RF-positive 
polyarticular JIA included [2,7-20]. Although the over- 
all prevalence of ACPA in JIA in these studies was 
low, a substantial proportion of RF-positive patients 
with the polyarticular subtype have these antibodies 
[11,13,15,19]. We sought to investigate the prevalence 
of ACPA in a large well-characterized cohort of JIA 
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and investigate the relationship between these anti- 
bodies with other serologic markers for RA. 

Methods 

Cases were 334 children (65.5% female) diagnosed with 
JIA using the International League of Associations for 
Rheumatology (ILAR) criteria [1]. All subjects had been 
followed at the Pediatric Rheumatology outpatient clinics 
at Primary Children's Hospital, Salt Lake City, UT, USA. 
The mean age of onset in the JIA cohort was 6.7 years. 
Controls were 50 healthy children (50% female) with no 
current or previous history of JIA recruited at ARUP La- 
boratories, Salt Lake City, UT, USA. Controls had a mean 
age of 11.5 at the time of blood draw. The study was 
approved by the Institution Institutional review Board at 
University of Utah, Salt Lake City, UT, USA, and all sub- 
jects gave informed consent for the study. 

Serum was separated soon after blood was drawn and 
samples were stored at -80°C until investigated. Sera 
from all JIA patients and controls were investigated at a 
single time point for all analytes. The assays were per- 
formed and evaluated by operators who were blinded to 
other serological results and unaware of the patients' 
clinical data. ACPA were tested by ELISA (INOVA Diag- 
nostics, San Diego, CA, USA; IgG/A anti-CCP3). Posi- 
tive ACPA was defined as a serum concentration >20 
Units. IgM, IgA and IgG RF were detected and quanti- 
fied by ELISA as recommended by the manufacturer 
(Theratest, Lombard, IL, USA), with values greater than 
26, 36 and 21 units respectively defined as positive. 
Anti-RA33 IgG antibodies were detected and semi- 
quantified by ELISA as recommended by the manufac- 
turer (IMTEC, Wiesbaden, Germany); >25 Units were 
considered positive. Antinuclear antibodies (ANA) were 
initially screened by ELISA (INOVA Diagnostics, San 
Diego, CA, USA) and positive results confirmed by in- 
direct immunofluorescence assay (IFA) on HEp-2 cells 
at a dilution of 1:40 (INOVA Diagnostics, San Diego, 



CA, USA). High-resolution HLA-DRB1 genotyping was 
performed on 21 Non-Hispanic White cases positive for 
IgM-RF and ACPA, as well as 22 Non-Hispanic White 
cases positive for ACPA but negative for IgM-RF. Com- 
parisons between cases and controls were made using 
Chi-square or Fisher exact tests for categorical variable 
and T-tests for continuous variables. 

Results 

The distribution of the different JIA subtypes and preva- 
lence of the specific antibodies measured is shown in 
Table 1. Of the cases, 31 (9.2%) had systemic JIA, 30 
(9.0%) had RF-positive polyarticular JIA, 76 (22.7%) had 
RF-negative polyarticular JIA, 119 (35.6%) had persistent 
oligoarticular JIA, 26 (7.8%) had extended oligoarticular 
JIA, 27 (8.1%) had enthesitis related arthritis (ERA) and 
25 (7.5%) had undifferentiated JIA. The prevalence of RF 
antibody isotypes ranged from 0-8% among controls, 
and 8-12% among all JIA cases (Table 2). As anticipated, 
children classified as having RF + polyarticular JIA per 
ILAR criteria had significantly greater prevalence of RF- 
IgM, RF-IgG, and RF-IgA, compared to controls. The 
prevalence of RF-IgM was 93% in this group, reflecting 
that some who tested positive in the past were negative 
at the time of this study. RF-IgM was also positive in a 
minority of subjects with other JIA subtypes who had 
previously tested negative for RF-IgM at the time of 
diagnosis (Table 1). RF-IgA and RF-IgG were also 
detected in some cases with JIA. 

ACPA were detected in one control and 48 cases (2% 
vs. 14.3%; OR 8.2, p <0.01). In all, 22 of 30 (73%) chil- 
dren previously classified as RF + polyarticular JIA were 
positive for ACPA. Twenty-five JIA cases were positive 
for both RF-IgM and ACPA, and generally had higher 
titers of ACPA than those who were positive only for 
ACPA (median titer of 358 vs. 27), (Table 3). Of particu- 
lar interest were 23 children who had a positive ACPA 
and were negative for RF (IgM, IgG or IgA). Phenotypic 



Table 1 Characteristics of the cohort and prevalence of the biomarkers in the different JIA subtypes 



Variable 


All JIA 

N = 334 


Systemic 
N = 31 


RF + 

polyarticular 
N = 30 


RF negative 
polyarticular 
N = 76 


Persistent 
oligoarticular 
N = 119 


Extended 
oligoarticular 
N = 26 


Enthesitis 
related arthritis 
N = 27 


Undifferentiated 

arthritis 

N = 25 


Onset Age* 


6.5 


6.1 


11.2 


6.6 


5.7 


3.5 


9.6 


7.7 


Females 


65 


45 


97 


75 


63 


81 


33 


72 


CCP IgG 


14 


13 


73 


8 


4 


19 


4 


20 


RF IgM 


12 


3 


93 


1 


2 


0 


4 


24 


RF IgG 


8 


0 


43 


4 


6 


4 


7 


0 


RF IgA 


8 


6 


70 


0 


1 


0 


4 


8 


Anti RA33 IgG 


6 


3 


3 


16 


3 


12 


0 


4 


ANA IFA 


26 


3 


17 


24 


41 


35 


7 


16 



* All values are percentages, except onset age given in years. 
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Table 2 RF positive poly and all JIA vs controls 






Controls 






All JIA 








RF + poly JIA 






IN \yo) 


Titer mean U 


IN (70) 


Titer mean U OR (95 % CI) 


n 
r 


IN (voj 


Titer mean U OR (95 % CI) 


n 

r 


ACPA 
(CCP IgG) 


1 (2) 


8 


48 (14) 


25 


8.22 (1.2-163.9) 


0.01 


22 (73) 


295 


135 (15-3085) 


<0.00001 


RF IgM 


4(8) 


10 


39 (12) 


19 


1.52 (0.49-5.27) 


ns 


28 (93) 


118 


161 (23-1542) 


<0.00001 


RF IgG 


4(8) 


10 


26 (8) 


12 


0.97 (0.30-3.45) 


ns 


13(43) 


30 


8.79 (2.23-37.7) 


0.0002 


RF IgA 


0(0) 


6 


27 (8) 


22 




0.03 


21 (70) 


140 




<0.00001 


Anti RA33 


3(6) 


18 


21 (6) 


14 


1.05 (0.28-4.61) 


ns 


1 (3) 


15 


0.54 (0.02-6.31) 


ns 


ANA IFA 


3(6) 




88 (26) 




5.60 (1.62-23.16) 


0.002 


5(17) 




3.00 (0.56-17.59) 


ns 



Controls = 50, cases = 334, and RF positive poly JIA cases 30. Means of ACPA, RF, RA33 values presented as Units/dL Numbers of subjects positive for ANA by 
immunoflorescence at titers > 1:40 are indicated. 



characteristics of this group of children were compared 
to 25 children who were positive for both RF and ACPA 
(Table 4). Children who were ACPA-positive and RF- 
negative had a significantly earlier age of onset (4.6 years 
vs. 12.1 years, p <0.00001 by T-test), included more 
males (8/23 vs. 2/25, p <0.01), and included children 
with polyarticular (n = 6) as well as oligoarticular onset 
(n = 9). High resolution HLA-DRB1 genotyping indi- 
cated that Non-Hispanic White cases who were RF-/ 
ACPA + had fewer shared epitope alleles compared to 
those who were RF+/ACPA + (9/21 vs. 18/21, OR 0.12 
(0.02-0.61), p <0.002). A notable finding was that three 
children that were ACPA + and had 2 positive RF-IgM 
tests were classified as "undifferentiated JIA" per the 
ILAR criteria: two girls had oligoarticular onset, and one 
boy with onset after the age of 6 years was positive for 
HLA-B27. All three children carried HLA-DRB1 alleles 
encoding the shared epitope. 

Individually, both RF-IgM and ACPA had poor sensi- 
tivity for JIA as a whole, but had high specificity 
(Table 5). However, for RF + polyarticular JIA, while 
ACPA had a lower sensitivity compared to RF (0.73 for 
ACPA and 0.93 for RF), ACPA had better specificity and 
positive predictive values (0.98 and 0.98 versus 0.92 and 
0.88 respectively). 

To determine the prevalence of ANA antibodies in 
our JIA cohort compared to healthy controls, all samples 
were screened with an ANA ELISA and the presence of 
a specific pattern and titer confirmed by IFA (Table 1). 



Only 3 controls had titers of > 1:40 compared to 96 
cases [6% vs. 26%, OR 5.6 (1.6-23.2), p <0.01]. The 
prevalence of RA-33 antibodies was not significantly dif- 
ferent between cases and controls, (6% each). The preva- 
lence of RA-33 antibodies among different JIA subtypes 
was also not different compared to controls. There was 
no difference in the mean titers of RA33 antibodies be- 
tween cases and controls. 

There have been several prior investigations into the 
prevalence of ACPA in children with JIA with variable 
results (Table 6). These studies had a median of 78 sub- 
jects with JIA (range 45-230). Moreover, these studies 
had very few children with the RF-positive polyarticular 
subtype of JIA, median 11 (range 1-20). The prevalence 
of ACPA in these studies varied from 1.8% to 77.3%. The 
prevalence of ACPA in RF-positive poly JIA varied from 
0-100% in these studies. We calculated the prevalence of 
ACPA in children with non-RF-positive polyarticular JIA 
in these studies and found the mean prevalence of 
ACPA to be 6%, similar to the 6.9% observed in our 
study. 

Discussion 

ACPA characterize the immune response to citrullinated 
peptide antigens that are a hallmark of seropositive adult 
RA. ACPA can precede the development of RA by sev- 
eral years and also demonstrate a high specificity for RA 
[21]. The current generation of ACPA test kits also ap- 
proach the sensitivity of RF, which generally have a lower 



Table 3 RF/ACPA proportions and characteristics 







Controls 










Cases 








N (%) 


CCP titer 


RF titer 


N (%) 


CCP titer 


RF titer 


Onset Age 


Joints at onset 


ESR at onset 


RF IgM - ACPA IgG - 


45 (90) 


3.9 


6.5 


272 (81.4) 


0 


6 


5.3 


2 


19 


RF IgM + ACPA IgG - 


4(8) 


2.5 


31 


14 (4.2) 


0 


47.5 


8.0 


4.5 


28 


RF IgM - ACPA IgG + 


1 (2) 


185 


0 


23 (6.9) 


27 


5 


4.6 


3 


26 


RF IgM + ACPA IgG + 


0(0) 






25 (7.5) 


358 


137 


11.5 


8 


22 



There were 50 controls and 334 cases. Titers refer to median values except with reference to RF-/CCP + control where it refers to the actual value. Onset age, 
joints at onset and ESR at onset are median values. 
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Table 4 Phenotypic features of children who are ACPA 
and RF positive versus those ACPA positive and RF 
negative 



Feature 


RF lgM-/ACPA + 
(n = 23) 


RFIgM+/ACPA + 
(n = 25) 


P value 


Males, N 


8 


2 (8 %) 


<0.03 


Onset age, years 


4.6 


12.1 


<0.0001 


Mean RF IgM 
titer, units 


6 


129 


<0.0001 


Mean RF IgG 

titpr i ini"K 


7 


34 


0.007 


Mpan RF InA 

1 V ICTQ II 1 \l IVJ f\ 

titer, units 


6 


1 61 


<0 0001 


Mean ACPA 
titer, units 


33 


282 


<0.0001 


HLA-DR SE positive N (%) 


9/21 (43%) 


18/21 (86%) 


<0.003 


ILAR Subtypes 








Persistent oligoarthritis 


4 


0 




Extended oligoarthritis 


5 


0 




RF - polyarthritis 


6 


0 




RF + polyarthritis 


0 


22 




ERA 


1 


0 




Systemic JIA 


4 


0 




Undifferentiated JIA 


2 


3 





SE; As previously reported, HLA DRB1 0101, 0102, 0401, 0404, 0405, 
1302 were designated at SE alleles. 



8, 1001, 



specificity for RA. This has resulted in the incorporation 
of the ACPA status in clinical practice. Additionally, 
ACPA identify a distinct subset of RA highlighted by 
several genetic association studies [22]. Smoking has 
been implicated to be involved in triggering the process 
of citrullination that eventually leads to auto-immune 
activation in susceptible hosts [23]. Other factors 
involved in citrullination include periodontal disease and 
infections [24-27]. It is likely that the mechanism of 
citrullination is different in children than in adults, with 
infections playing a greater role than smoking. In a re- 
cent study, Gilliam et al, suggested that in children with 
IgM-RF positive polyarticular JIA, fibrinogen is the tar- 
get of citrullination [9]. 

Our analysis of published studies indicate that in chil- 
dren with JIA who do not have the RF-positive 



polyarticular subtype, the prevalence of ACPA is -6%. In 
our study we observed a significant number of children 
who were negative for RF-IgM but positive for ACPA. 
These children phenotypically differed from those who 
were positive for both RF-IgM and ACPA and are less 
likely to carry shared epitope encoding HLA DRB1. It 
should be noted that most of the 23 children who were 
RF-IgM negative and ACPA positive had low titers of 
ACPA (range 21-75, median 27). These observations 
suggest that a low titer of ACPA in the absence of RF- 
IgM, identifies a subset of JIA that is different from the 
RF-positive polyarticular JIA subset. Lack of follow -up- 
studies to determine if these children subsequently 
developed RF-IgM is a limitation of our study. We 
observed that children who were positive for both RF- 
IgM and ACPA phenotypically resemble adults with RA, 
and also encompass the typical child with polyarticular 
"RF positive JIA." We propose that in children who are 
RF-IgM negative, a higher threshold for ACPA-positivity 
might be prudent in order to identify those children who 
have a phenotype compatible with RA. It should be 
noted that higher titers of ACPA are given more weight 
in the revised criteria for RA [5]. 

Our study also highlights some limitations of the 
ILAR classification criteria. For instance, we identified 
3 children who phenotypically resembled seropositive 
RA, (two positive tests for RF-IgM, and positive for 
ACPA, carriage of the HLA DRB1 shared epitope) but 
had to be classified as "undifferentiated JIA" due to the 
specific requirements of the ILAR criteria. Future revi- 
sions of ILAR criteria should take into consideration in- 
clusion of children with fewer than 5 joints who 
otherwise have biomarkers such as RF-IgM/ ACPA, as 
well as to limit some of the exclusion criteria such as 
family history of psoriasis or positive HLA B27, if both 
RF-IgM and ACPA are positive. Presence of both these 
biomarkers clearly identifies a phenotype akin to adult 
seropositive RA. 

Although our study included a relatively large cohort 
of children with JIA tested for ACPA, it did have some 
limitations. A larger cohort of healthy control children 
would have been ideal. However, the frequency of ACPA 
in our controls was comparable to other published 
cohorts. Several of the cases with only positive ACPA 



Table 5 Sensitivity, specificity, positive and negative predictive values of CCP and/or RF 



All JIA 



Polyarticular RF-positive JIA 





Sensitivity 


Specificity 


PPV 


NPV 


Sensitivity 


Specificity 


PPV 


NPV 


ACPA IgG 


0.14 


0.98 


0.98 


0.15 


0.73 


0.98 


0.98 


0.86 


RF-IgM 


0.12 


0.92 


0.91 


0.13 


0.93 


0.92 


0.88 


0.96 


ACPA IgG and RF IgM 


0.07 


1.00 


1.00 


0.14 


0.73 


1.00 


1.00 


0.86 


ACPA IgG or RF IgM 


0.19 


0.90 


0.95 


0.14 


0.93 


0.90 


0.85 


0.96 



ACPA: anti 



citrullinated peptide antibody (CCP IgG), RF: rheumatoid factor. PPV: positive predictive value; NPV- negative predictive value. 
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Table 6 prior studies of ACPA in JIA 



Author (Ref) 


Year 




All JIA 


RF-positive polyarticular JIA 




Controls 


N 


Prevalence of ACPA 


N 


Prevalence of ACPA 


N 


Prevalence of ACPA 


Avcin [2] 


2002 


109 


1.8 


1 


0.0 


30 


0.0 


Hromadnikova [13] 


2002 


140 


5.0 


18 


11.1 


24 


0.0 


Van Rossum [20] 


2003 


71 


14.1 


11 


72.7 


_ 


- 


Low [1 7] 


2004 


66 


77.3 


16 


75.0 


25 


0.0 


Kasapcopur [14] 


2004 


122 


2.5 


12 


25.0 


15 


0.0 


Kwok [16] 


2005 


59 


10.2 


5 


80.0 


60 


0.0 


Ferucci [9] 


2005 


230 


5.7 


14 


57.1 


688 


0.6 


Brunner [8] 


2006 


45 


4.4 


2 


100.0 


42 


0.0 


Kuna [15] 


2009 


56 


1.8 


2 


50.0 


17 


0.0 


Habib [12] 


2008 


68 


20.6 


20 


70.0 


20 


0.0 


Gupta [1 1] 


2010 


78 


23.1 


8 


87.5 


0 




Morbach [21] 


2010 


191 


2.6 


6 


66.7 


88 


1.1 


Gilliam [10] 


2011 


96 


14.6 


16 


56.3 


10 




Present study 


2012 


334 


14 


30 


73.3 


50 


2.0 


Total 




1665 


14.1 


161 


58.9 


1069 


0.33 



Prior published studies that investigated prevalence of ACPA in JIA. First author, year of publication and reference number are indicated. The mean prevalence is 
provided in the last row for all JIA, polyarticular RF-positive JIA and controls. After excluding subjects with RF-positive polyarticular JIA, the prevalence of ACPA is 
6% in JIA. 



had low titers. Our study was also cross-sectional and, 
therefore, did not address the relationship between the 
various biomarkers and treatment, disease activity and 
long term outcome. We have shown that children with 
RF/ACPA-positive JIA demonstrate similar HLA-DRB1 
genotypes as adults with RA [28]. In the present study, 
the objective was to investigate if children who were 
ACPA+/RF- differed compared to ACPA+/RF+. There- 
fore, we limited HLA typing to RF+/ACPA+ and RF-/ 
ACPA + subjects. 

Another notable finding from this study is that anti- 
RA33 antibodies do not appear to be associated with the 
JIA phenotype. Anti-RA33 antibodies are directed 
against a nuclear protein antigen identical to the A2 pro- 
tein of the heterogeneous nuclear ribonucleoprotein. 
Anti-RA33 antibodies were first described to be preva- 
lent in sera from adults with RA [29]. There have been 
three prior studies of RA33 in small JIA cohorts. Gabay 
et al, reported that anti-RA33 antibodies were detected 
in 11% of sera from 124 children with JIA, and none of 
the controls [3]. Children with RF + polyarticular JIA 
had a higher prevalence of antri-RA33 antibodies (57%), 
although only 7 children with RF + polyarticular JIA 
were included in this analysis. Nesher et al, also 
reported finding RA33 antibodies in sera from children 
with polyarticular as well as oligoarticular JIA [30]. In a 
recent study of 42 Egyptian patients with JIA, anti-RA33 
antibodies were detected in 83% of JIA patients with 
polyarticular onset, 33% with oligoarticular onset and 
57% with systemic onset disease according to a study- 



specific cut off [31]. By contrast in our study, the preva- 
lence of anti-RA33 antibodies was low and was not sig- 
nificantly different between cases and controls. We also 
did not observe a higher prevalence of this specific anti- 
body maker namely; among those with polyarticular JIA. 
The reasons for the different results observed could be 
due to a combination of factors, different methodologies 
cutoffs, sample sizes, composition of JIA subtypes, 
effects of storage, as well as true biologic differences. 

Children with positive ACPA but negative RF are fre- 
quent and may define a distinct subset of children with 
JIA. If validated in other large JIA cohorts, ACPA testing 
should be included in the classification of JIA. 
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